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BACKGROUND



Case study
Sleipner Storage Project

❑ The world's first industrial-scale CCS project 

❑ Saline formation of highly porous Utsira Fm. Aquifer was chosen over other storage options

❑ More than 24 Mt CO2 injected since 1996 (0.9 MT / year). An amazing real-life laboratory of fluid flow

Time-lapse SeismicSleipner Field CO2 Source & Storage

IPCC, 2005IPCC, 2005
2010



Case study
Sleipner Storage Project
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Seismic characterization and insights into the nature of the CO2 plume

Original 

- 2010
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Seismic characterization and insights into the nature of the CO2 plume

• How many observable layers are actually there?
• 3 Main sections



1994 processing and attributions to be used for 

seismic interpretations 

Original
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Extension

Structural 

Filter

Envelope 

Gain

75Hz 150Hz

Bandwidth extension using harmonic extrapolation 
By LUMINA Geophysics

Seismic characterization and insights into the nature of the CO2 plume



Original Final processed

• Higher resolution 
• More discernible layers
• More continuous
• Reveals internal facies architecture

• Low resolution 
• Attenuated signals 
• Less continuity 
• Internal facies architecture unclear

1994: Bandwidth extension, high frequency boosting

Seismic characterization and insights into the nature of the CO2 plume



Seismic facies characterization and insights into the nature of the CO2 plume

Heterogeneity and the CO2 plume: layer-by-layer analysis

1994 
Processed

2010 
Seismic plume



12© 2020 Halliburton. All rights reserved.

910

1214

N S

14
12

109



Well logs

More 
heterogenous

Seismic facies characterization and insights into the nature of the CO2 plume
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Structural and facies architecture as controlling factors on heterogeneity

Regional Geology Review
▪ Seismic reflections within the Utsira fm show complex surface 

intersections (on-lap, down-lap, top-lap, scouring, and mounds) 
as the source of stratigraphical heterogeneity. It is consistent 
with the high-energy nature of marine LST deposition.  

▪ Utsira fm was also deposited syn-structural growth, adding 
complexity to the depositional process. 

Kennett, Chris., 2008. Evaluation of internal geometries within the Miocene Utsira Formation to establish the geological concept of 

observed CO2 responses on 4D seismic in the Sleipner area, North Sea. Master Thesis, Imperial College London 

 



Structural and facies architecture as controlling factors on heterogeneity

1994 pre-injection seismic

Note: locations and Z section are not disclosed 
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Why CCS is not like reverse gas engineering

FIRST BREAK by EAGE, 2022
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Saadatpoor et al (2007)

Simulation Experiments

Base model

Viscous Fingering

Darcy flow
Capillary Fingering

Young-Laplace flow



Young-Laplace Flow – Invasion percolation model



Geobodies from Seismic plume 2010 (3D view) Young-Laplace Simulation Model (3D view)

Plume shapes comparison



CO2 Plume VS Pressure Plume

While 𝐶𝑂2 sequestration is a multi-phase fluid flow problem at the reservoir scale, the single-phase fluid 

controls the far-field pressure response and brine flow (Birkholzer. et al, 2015, Amirlatifi et al, 2022).

CO2 
(Multi-phase fluid)

Pressure/Brine 
(single-phase fluid)

Young-Laplace

Darcy
(Single phase)

Governing physicsSimulations at the Top layer 

(Cavanagh, 2013)

Shales are effectively perfect seals with respect to CO2 flow, but open with respect to single-phase 
flow, allowing natural pressure dissipation out of the storage formation (IEAGHG, 2010). 



CO2 Plume VS Pressure Plume

CO2 Pressure/Brine 

Simulations at the Top layer 



Summary

• Bandwidth extension + attributions to improve the imaging of seismic heterogeneity 

• Small-scale heterogeneity (facies architecture) strongly controls plume anatomy

• CO2 flow physics: capillary-gravity driven (Young-Laplace Flow)

• Pressure perturbation: single-phase darcy flow 
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